
EMERGING NON-VOLATILE MEMORIES FOR COMPUTING

Leti Devices Workshop | Marie-Claire Cyrille| Dec 2nd, 2018, Nikko Hotel, San Francisco



| 2

Data  generated every minute of the day
Source:  Domo. com

NON-VOLATILE MEMORY (NVM) OPPORTUNITY
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• Low / no energy consumption
• Server cost due to power
• Battery replacement cost (IoT / VR/AR)

Higher integration of NVM within logic

• Data-centric computer architecture
• Data movement constrained
• In-memory processing / Distributed processing
• Machine learning / real time video analytics

Higher integration of logic within NVM

• “Brain targeting”
• Artificial spiking neural network / neuromorphic
• Non-Von Neumann architecture

 No logic / NVM frontier

NON-VOLATILE MEMORY (NVM) OPPORTUNITY

[B. De Salvo, ISSCC 2018]
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• MPW Shuttle (today in 200mm; twice a year; next start may 2019) 

MEMORY ADVANCED DEMONSTRATOR (MAD) FOR TECHNOLOGY EXPLORATION

 From single cell to matrix and complex designs while continuing integration of new materials

 In 2019:  availability MAD300 – 300mm to access more efficient CMOS (28nm FDSOI) 
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2017 - 2018 RESULTS OF LETI’S MAIN EXPERTISE FOR NVM

Phase-Change Memories

300mm 1T1R integration

A wide toolbox for customized research & benchmark 
between different BEOL NVM technologies
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• Ge-rich is compliant with JEDEC standards and it guarantees data 
preservation in automotive environment

• Sb-rich alloy for high-endurance, high-speed SCM applications
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PHASE-CHANGE MATERIALS ENGINEERING AT LETI (1/3)

VLSI 2017, 2015
IMW 2018, 2016
NVMTS 2018, 2017, 2016
SSDM2017, 2015
CIMTEC 2016,2014
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ePCOS 2017, 2015,2014
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IEDM18 Session 18.4 

PHASE-CHANGE MATERIALS ENGINEERING AT LETI (2/3)

LETI&STM, IEDM 2013
& VLSI 2015

JDP LETI AMAT 2015, 2017
Flash Memory Summit 2018
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PCM alloy

P Kowalczyk et al; Small 2018, 14, 1704514 

PCM Super Lattices@Leti

Next Material challengesNext Material challenges

IMW 2018
NVMTS2018
NVMTS2017
SSDM2017

PCM Intergranular@Leti
GeS2/Sb2Te3 material (GSST)

PHASE-CHANGE MATERIALS ENGINEERING AT LETI (3/3)
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IEDM18 Session 37.4

MATERIAL ENGINEERING FOR SELECTOR APPLICATIONS:
AS FREE OVONIC THRESHOLD SWITCHING MATERIALS
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Need for a reliable selector to reduce 
sneak  paths (reading fails and cell to 

cell disturbance)
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RRAM BENCHMARK FOR TRADE-OFF UNDERSTANDING

VLSI 2018
IMW2018
EDL2018
IRPS2018

• Via collaborations 
• MAD shuttle 

Towards circuit implementation Towards circuit implementation 
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PCM as artificial synapsePCM as artificial synapse

S La Barbera, Advanced Electronic Materials 2018

PCRAM: TOWARDS NEUROMORPHIC APPLICATIONS

• Programming strategy based on uniform short pulse sequence (tpulse<50ns) to enable gradual 
depression (non-stationary regime)

• Amorphous region does not cover the entire area of the bottom electrode (i.e. the heater)
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IEDM18 Session 20.3 

RERAM: TOWARDS NEUROMORPHIC APPLICATIONS

• MAD 200 Shuttle
• Fabrication of RRAM based TCAM circuits
• HfO2 based OXRAMs
• Trade off between search latency and reliability (HRS programming conditions)
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IEDM18 Session 20.6 

RERAM: TOWARDS NEUROMORPHIC APPLICATIONS

• MAD200 Shuttle

• HfO2-based RRAM array with 
differential memory bitcells and 
sensing scheme for in-memory 
computing.

• Possible implementation of 
Binarized Neural networks : 
collection of Kbit arrays w CMOS 
digital circuitry

• Large power reduction 
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CONCLUSION: @LETI

A wide toolbox for customized research and benchmark between different BEOL NVM technologies: 

• Competitive experience in material development and exploration for eNVM

• Wafer shuttle platform in 200 & 300mm for material investigation &  disruptive circuit development

In the near future we will focus on 

• New materials (2D materials for PCM, selectors, 
Mott insulators based RAMs)

• Silicon demonstration of disruptive computing 
paradigm (Neuromimetic, Machine learning…)

 5-year research program funded by EU exploring 
In memory computing paradigm 
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